N93-26062 


VOLATILES IN INTERPLANETARY DUST PARTICLES - 
A COMPARISON WITH Cl AND CM CHONDRITES 

Final Report 

NASA/ASEE Summer Faculty Fellowship Program — 1992 
Johnson Space Center 


Prepared By: 

Academic Rank: 
University & Department: 

NASA/JSC 
Directorate : 

Division: 

Branch: 

JSC Colleague: 

Date Submitted: 

Contract Number: 


Roberta Bust in 
Professor 

Natural Science and 
Mathematics Division 
Arkansas College 
Batesville, AR 72501 

Space and Life Sciences 
Solar System Exploration 
Planetary Science 
Everett K. Gibson, Jr. 
August 21, 1992 
NGT-44-005-803 


4-1 


ABSTRACT 


In an effort to classify and determine the origin of 
interplanetary dust particles (IDPs), 14 of these particles 
were studied using a laser microprobe/mass spectrometer. 
The mass spectra for these particles varied dramatically. 
Some particles released hydroxide or water which probably 
originated in hydroxide-bearing minerals or hydrates. 
Others produced spectra which included a number of 
hydrocarbons and resembled meteorite spectra. However , 
none of the individual IDPs gave spectra which could be 
matched identically with a particular meteorite type such as 
a Cl or CM carbonaceous chondrite. We believe this was due 
to the fact that 10-20 pm size IDPs are too small to be 
representative of the parent body. To verify that the 
diversity was due primarily to the small particle sizes, 
small grains of approximately the same size range as the 
IDPs were obtained from two primitive meteorites , Murchison 
and Orgueil , and these small meteorite particles were 
treated exactly like the IDPs. Considerable diversity was 
observed among individual grains, but a composite spectrum 
all the grains from one meteorite closely resembled the 
spectrum obtained from a much larger sample of that 
meteorite. A composite spectrum of the 14 IDPs also 
resembled the spectra of the CM and Cl meteorites, pointing 
to a possible link between IDPs and carbonaceous chondrites. 
This also illustrates that despite the inherent diversity in 
particles as small as 10-20 pm, conclusions can be drawn 
about the possible origin and overall composition of such 
particles by looking not only at results from individual 
Particles but also by including many particles in a study 
and basing conclusions on some kind of composite data. 
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INTRODUCTION 


Interplanetary dust particles (IDPs) are 
extraterrestrial materials consisting of primitive 
substances originating in small solar system bodies such as 
comets and asteroids (Mackinnon and Rietmeijer, 1987) . IDPs 
are recovered from satellites and from collectors flown 
aboard specially designed aircraft flying in the 
stratosphere. A Cosmic Dust Collection Facility for 
obtaining additional IDPs has been proposed for Space 
Station Freedom. 

In order to understand not only the composition but 
also the past histories of IDPs, it is particularly 
important to know the nature of the volatiles present. 
Gibson and Sommer (1986), Gibson fi£. fiL*. (1989), and Hartmetz 
et al. (1990, 1991b) have studied volatiles released from a 
number of IDPs. However, a large number of particles must 
be studied in order to establish trends, to classify types 
of IDPs, and to have comparison data for determining the 
origins of IDPs. 


EXPERIMENTAL 


Collection and P rocessing 

The IDPs in this study were from the Large Area 
Collectors L2005 and L2006 flown aboard a NASA ER—2 aircraft 
during a series of flights that were made within west- 
central North America during the fall of 1989 . The 
collectors were coated with a 20:1 mixture of silicone oil 
and freon. They were installed in a specially constructed 
wing pylon, exposed to the stratosphere at an altitude of 20 
km by barometric controls, and then retracted into sealed 
storage containers prior to descent (Zolensky fit flL*.# 1990, 
1991) . 

The IDPs were processed in an ultraclean (Class-100) 
laboratory at Johnson Space Center. The particles were 
removed, from the collection flag and rinsed with hexane to 
remove -the silicone oil remaining on the surface from the 
collection procedure. They were then mounted on small 
pieces of gold which had been cleaned with ethanol in an 
ultrasonic cleaner followed by surface cleaning in an oxygen 
plasma. The particles in this study were all cluster 
particles, small pieces of larger, friable particles which 
fragmented during collection. 
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Analysis 


The 14 I DPs in this study were classified as cosmic 
aust by the examination team (Zolensky etal.. 1990, 1991 ^ 
An SEM photomicrograph was taken of each of the particles* 
and an energy dispersive X-ray (EDX) analysis was done using 
a JEOL-35CF Scanning Electron Microscope. Results of the 
EDX analyses are shown in Table 1. 


The piece of gold containing the IDP was placed in the 
sample chamber of the apparatus shown in Figure l, and the 
system was evacuated to a pressure of 2 x 10”' torr. The 
IDP was then hit with a focused laser beam from a Jarrell- 
Ash neodymium-glass, Q-switched laser. Volatiles released 
were analyzed by a Hewlett Packard 5970 Mass Selective 
Detector. The particles were so small that the laser beam 
hit not only the particle but also the surrounding gold. To 
account for the volatiles coming from the surface of the 
gold, an average "gold" spectrum was obtained from several 
laser hits on the clean gold away from the particle, and 
th *f , spectrum was subtracted from the spectrum of the 
particle. This also had the advantage of subtracting out 
the majority of the peaks due to surface contaminants left 
from processing and cleaning the IDP. 

The data were normalized (Hartmetz et al . . 1990 ) in 
order to compare them with analyses of other IDPs, and only 

bhat *® re greater than one standard deviation 
(calculated from the gold measurements) above the gold 
background were displayed. y 

To heip in evaluating the spectra of the IDPs, spectra 
£ btain J d fr °® three minerals (azurite, calcite, and 
' *f°? three neteorites (Murchison, Orgueil, and 
Allende) , and from several small particles of Murchison and 
Orgueil of approximately the same size range as the IDPs. 


RESULTS AND DISCUSSION 

The EDX spectra indicated that all IDPs studied except 
possibly L2006A6, 7 were chondritic, based on the similarity 
of their elemental compositions and those of the chondritic 
meteorites, particularly the carbonaceous chondrites. 

, Individual j IfPs can be classified according to the 
volatiles identified in the mass spectrum. Table 3 lists 
the major classes, and Figures 2 through 7 are examples of 
each class. 


The mass spectra showed that the volatile inventories 
of the IDPs varied dramatically from almost no volatiles 
(Figure 2) to what is considered volatile-rich (Figure 3) 
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because of the presence of several hydrocarbon "families in 
addition to species such as C, 0, CO, C0 2 , and COS. Table 2 
lists the indigenous volatile species found in all 14 IDPs 
studied. Because many IDPs are porous and may retain some 
silicone oil or freon from the collection device or some 
hexane used to remove the silicone oil from the surface, a 
species is considered to be indigenous only if it does not 
occur in the mass spectrum of silicone oil, freon, or 
hexane . 

None of the IDPs studied has all the peaks expected 
from a sulfur-rich species such as a sulfide or sulfate. 
However, several particles appear to contain some sulfur. 
An example is L2005E38 (Figure 4) .. Even though this 
particle does not contain many volatiles, three peaks are 
due at least partially to sulfur-containing species (S, SO, 
and CS 2 ). CS, is a major species released from both 
terrestrial sulfides and elemental sulfur. 

Information about carbonaceous matter, particularly 
hydrocarbons, in IDPs is important not only for 
classification purposes but also in determining sources and 
origins of IDPs. High abundances of carbon-bearing 
compounds have been found in the dust released from Comet 
Halley (Kissel and Krueger, 1987). Carbonaceous chondrites 
also contain hydrocarbons (Hartmetz et al. 1991a) . Blanford 
et al. (1988) found that some anhydrous chondritic IDPs 
contain as much as 49 wt. % carbon which has not been fully 
characterized. Carbonaceous material was found in six of 
the IDPs in this study. 

In studying hydrated IDPs, Tomeoka and Buseck (1986) 
found a carbonate-rich, hydrated IDP. Infrared studies of 
IDPs revealed a band associated with carbonate (Sandford, 
1986). Two IDPs in this study, L2006A6,7 and L2006A12, 
contained large peaks for both CO and CO, , indicating the 
likelihood of a carbonate phase. Both of these also 
contained carbon, a prominent peak in the spectra of known 
carbonate-containing minerals. 

Nine of the 14 particles studied had a peak at either 
17 or 18, indicating the presence of either hydroxide- 
bearing minerals or hydrated species. 

To give some idea of how representative of the parent 
body a 10-20 pm particle really is, spectra were obtained 
from several small particles each of Murchison and Orgueil , 
a CM and a Cl chondrite, respectively. There was 
considerable diversity in the individual spectra (Figures 8- 
11) . Some particles appeared to be mineral grains; some 
could not even have been identified as being meteoritic; and 
others were fairly representative of the typical meteorite 
matrix. All meteorite particles were not the same size, in 
most cases, the larger particles gave spectra most similar 
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to the parent meteorite. For both Orgueil and Murchison, a 
composite of all particles yielded a spectrum similar to 
that of the parent meteorite (Figures 12-15). Sulfur- 
bearing species, aliphatic hydrocarbon groups, aromatics, 
carbonates, and water were present in each of these. Based 
on the total ion chromatograms, the IDPs had the least 
amount of total volatiles; small Murchison particles had 
only slightly more volatiles (about 1.15 times); and small 
Orgueil particles had about 2.3 times as much volatile 
material as the IDPs. A large piece of Murchison was only 
1*4 times as volatile-rich as the IDPs, but the large grains 
of Orgueil evolved 20 times as much volatile material as the 
IDPs. This is in keeping with previous studies which 
reported Orgueil to be more volatile-rich than Murchison 
(Wiik, 1956 and Hartmetz al. . 1991) . 

In order to envision what a parent body containing all 
14 of our IDPs might resemble, a composite spectrum was 
prepared (Figure 16) , using a typical gold spectrum for the 
subtracted background. It is not necessary to use a large 
number of particles to give a representative composite 
spectrum. The composite from eight spectra looked almost 
identical to this 14-particle composite. The IDP composite 
spectrum is very much like the spectra from the carbonaceous 
chondrites. The most obvious difference is the decreased 
intensity of the sulfur-related peaks. Although clearly 
present, the SO and SO, peaks are much smaller than the same 
peaks in either meteorite spectrum, indicating that the IDPs 
in this study probably contained sulfate but not in large 
amounts. The intensity of the COS peak in the IDP spectrum 
is about the same as that of SO 2 whereas in the meteorite 
spectra, the SO, peak is much larger than the COS peak; the 
CS 2 peak is small, and the H 2 S peak is barely noticeable. 
The H,S, COS and CS, peaks are significant peaks in the 
Murchison spectrum but are not as intense as they are in the 
spectrum of Orgueil. Because of this, the IDP spectrum 
resembles the Murchison spectrum a little more closely than 
that of Orgueil. 


SUMMARY 

Despite the inherent diversity in particles the size of 
IDPs, it is possible to identify specific mineral fragments 
and classes of compounds which occur in such particles. By 
comparing results from analyses of many particles, it is 
clear that IDPs may contain sulfur-bearing species, water or 
hydroxyl groups, and carbonaceous material, including 
carbonates. By looking at composite data and comparing with 
data from meteorites, a definite resemblance is seen between 
IDPs and carbonaceous chondrites. 


4-6 



TABLE 1. EDX MAJOR ELEMENT ANALYSIS 1 


Particle Major Components 


Si, Fe, Mg, O, (Al) 

Si, S, Mg, 0, Fe, Ca, Na, Al 
Si, Mg, Fe, O, Ca, (Al) 

Si, Mg, Fe, 0, (Ca) , (Al) , (Ni) 

S, Si, Fe, Mg, 0, (Al) , (Ni) 

Si, Mg, Fe, 0, (Ca) , (Ti) , (Al) , (Na) 
Si, Mg, O, S, Fe, (Na) , (Al) , (Ca) 

Si, Mg, 0, Na, Fe 
Si, Mg, Fe, O, (Na) 

Si, Mg, C, Fe, O, (Na) 

C, Si, Na, (0) 

Sx, Mg, 0, Fe, (Ca) , (C) , (Na) , (Al) 
Si, Ca, Mg, O, Fe, C 
Si, Mg, 0, Fe, C 


^Elements are listed in order of abundances, and trace 
amounts are placed in parentheses. It was difficult to 
detect whether or not sulfur was present in some species 
because of the overlap with the intense gold peak from the 
sample mount. 


TABLE 2. INDIGENOUS VOLATILE SPECIES 


Particle Volatile Components 


L2005B21 

L2005C21 

L2005C24 

L2005C26 

L2005C28 

L2005C30 

L2005D27 

L2005D34 

L2005E38 

L2005E39 

L2006A6,7 

L2006A12 

L2006A26 

L2006B16 


vn 

c, c 2 h 5 , o 2 or s, so 2 , c 5 h 6 , c 6 h 6 , c 6 h 7 , c 6 h 5 ch 3 

OH, C 2 fi 5 , C 2 H 6 , C 4 or SO, C 4 H, CgHg, C 5 H 9 , CgHg, 
C H CH 

cf Bh, 3 and some high m.w. hydrocarbons 
CH, OH, SOH?, C 5 H 7 , cs 2 , CgHg, CgH ? , C-jH^ 

OH, C 2 Hr, C 2 Hg, C0 2 , CgHg , CjHq 

C, C 2 fi 5 7 C0|, SOH?, SO,, CS 2 , CgHg, CgH ? , 

c 6 H 5^ H 3» c 7“9» C 7 H 11 # ^7 H 16 
CH, OH, CgHg 

OH, 0 2 or S, SO 

C, c 2 ft 5 , C 5 H 5 , CgHg, CgH 7 

C, OH, C 2 Hc, C0 2 , CgHe, CgHg, CgHg 

C, CC 2 Hg, C0 2 , CgHg, CgH7, CgHg 

None 

SO 


L2005B21 

L2005C21 

L2005C24 

L2005C26 

L2005C28 

L2005C30 

L2005D27 

L2005D34 

L2005E38 

L2005E39 

L2006A6 , 7 

L2006A12 

L2006A26 

L2006B16 
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MASS^ SPECTROMETRY^ ° P V °“ T1LE SPECIES F0UND «• 28 I DPs ANALYZED BY LASER MICROPROBE/ 


^ pH 

O >1 

X 

u o 
0 ) u 

44 TJ 
<0 >1 

5 X 


0 ) 

44 

10 

c 

o 

A 

*4 

10 

u 


to 

9 

o 

0 ) 

O PH 

10 10 
C *H 
O Vi 
XI 0 ) 
Vl 4J 
10 10 
a x 


H ^ © O H* 
cm cm cm n m 

« u u o a 
in in in in in 
o o o o o 
o o o o o 

CM CM CM CM M 

ij X X # *1 


r* 

*CM 

N O H h 

Q < < Q 

o o o r» 
o o o o 

CM CM CM CM 

♦J i 4 *J D 


r* 

«o * 10 o 

cn to h in cm r> 

pa k m (n u a 

in to to cm cm 

O O O CM CM m 

o o o o o o 

CM CM CM CM CM CM 

^ D D D 


H 

^ cm n cn cm 
UQUNO 
cm m «n in 
o o o o o 
o o o o o 

CM CM CM CM CM 

.4 XI X X 


r- 

to ^ ot * 
cm cm cn cn to r* 
a u a u < a 
in m m in vo 
o © o o o n 
o o o o o o 

CM CM CM CM CM CM 

i 4 X i 4 #4 X D 


6 

0 

Vi 


a) 

u 

<o 

to 

v» 

0 ) 

x 


c 

o 

-H 

44 

(0 

O' 

-H 

4 J 

CO 

0 ) 

> 

c 


to 

-H 

X 

44 


IP 
Vi 0 ) 
9 «H 

tw o 

pH 0) 

9 a 
co co 


to 

44 9 
C 0 

9 C 

0 to to 

1 OMD 

TJ-H 
O C 4J 
O' M <0 
M pH 

10 <w O 

•3 o > 


o 

X 

to 

Vi 9 to 
0 O 0 ) 
C PH 
q) a>*H 

pH 0 ' 4 J 
4-1 *H <0 
44 TJ pH 
•H C O 
1-3 M > 


cn r* 
ID pH Q 


M'CMnOHMOOWH 
UOUOCMCMCMCnHflQ 

CMnMMOOO«<\D<<C) 

oooomminintoor^r^cMo 

OOOOOOOOOOpHpHCMO 

cmcmcmcmooooocmooocm 

MMn3^CMCMCMCMCM^CMCM(MD 


cm n 

MNnnHMOHh 

0 QUUI<<C <00 

CMcnm^vortr^cM * 1 

OOOOOMMCMCO 

ooooooooo 

CMCMCMCMCMCMCMCMCM 


HHMMCO OhMOIOIOOO 
cncnCMCMCMCMCMCnCMCnCOCMHCMCMlOM 
OOOOOOOOOOUc<OOUUO 
HM'inininwininioinintoioinincMM 1 

OOOOOOOOOOOOOHMCMn 

ooooooooooooooooo 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 


•o 

0 ) 

N 

>1 

pH 

10 

c 

10 

0) 

CO 

o 

X 

4-1 • 

X 
0) pH 
Vi Ot 
CO Ot 
pH 
44 - 

c o 

*H Ot 
Vl Ot 
an 

•o - 

pH • 
O pH 
X CO 

C V> 
*H OH 

03 N 
0 ) 44 
pH 0) 

a £ 

£ 4 J 
(0 Vl 
CO (0 
X 


CO 

44 

c 

o 

o 

a 

Q 


0) 

X 

44 

44 

10 

X 

44 

01 • 
44 10 
10 44 
O C 
•H 9 
•O O 
C £ 
•H co 

tO pH 
0 ) pH 
to CO 
0 ) E 

X to 

44 

C >i 
0) Vl 
*4 0) 
* > 
a 

■H C 


4-8 


ned only one type of sulfur species, often 




Figure 1 . SCMMtic of tlM lasor alcroproO a -oasa 
•poetroMtar, froa CiMen and Carr <!»»»> 


PARTICLE L2005B21 

On Gold 



Figure 2. Naas apaeti 
volatile* 


|i*« iptuMSa 

Mmr un l y e 

■ of ait I OF containing vary la 


I 

to 


Z 

c* 

3 


PARTICLE 2006A1 2 

On Gold 


3 


2.8 


2.6 


24 


2.2 


2 

O 

1.8 

CH 

16 


1.4 

CH, 

12 

j 

C . 

08 


06 


0.4 


0.2 



0 \ ■ 

0 10 


rtqvra 3. 



Maas apace rua of a volatlle-r irt» 



eo 


I DP 



90 irxt 


I 


S 


3 

2.8 

2.6 

24 

22 

2 

U 

1.6 

1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 


PARTICLE L2005E38 

On Gold 


S 


C 6^I2 




10 20 30 


40 50 60 

Mm/Ctiarge 


70 


90 100 


Figure 4. Naas a psetr ua of a sulfur •containing IDF 


4-S 


original PAG£ IS 

OF POOR QUALITY 


Signal Strength Log Normalized Signal Strength 


PARTICLE L2005E39 

On Odd PARTIHI F I OnnAAK 7 



Maaa/Charge 

FI fur* s. ***** spectra •( an I DP contain inf cartoMctow 
■attrUI 


Fleuro •• N«u apectra of an idp con ta Inin, cirtonau 


PARTICLE L2006B16 


On Qou 

3 r ' 



0 10 20 30 40 50 60 70 00 80 100 


Maaa/Charge 


MURCHISON 

Padde 0 on Gdd 

3 

2.0 

i6 



0 10 20 30 40 50 60 70 00 90 100 


Maaa/Charge 


Pleura 7. mm apeo tir •( an IDF c o nt ain inf water 


Pleura a. 
vela ti las 


H.>ss spectra of a Murchison particle with lew 


4-10 



Log Normalized Signal Strength 


2.8 i 
2.6 i 



Mesa/Charge 


Figure *. H.iue epee true o( ■ *olltiI«*rleti Burdiuon 
particle 


ORGUEIL 




Signal Strength Log Normalized Signal Strength 






REFERENCES 


Blanford, G. E. , Thomas K. L. , and McKay D. S., Microbeam 
analysis of four chondritic interplanetary dust 
particles for major elements, carbon, and oxygen, 
Meteoritics. 23 . 113-121, 1988. 

Gibson E. K. Jr. and Carr R. H. (1989) Laser microprobe- 

quadrupole mass spectrometer system for the analysis of 
gases and volatiles from geologic materials. Xn 
Frontiers in stable Isotope Research: Laser Probes. Ian 
Probes, and Sm all Sample Analysis, PP* 35-49. U. S. 
Geol. Surv. Bull. 1890. 

Gibson E. K. Jr. and Sommer, M. A. (1986) Laser microprobe 
study of cosmic dust (IDPs) and potential source 
materials. Lunar and Planetary Science XVII, 260-261. 

Gibson E. K. Jr. , Hartmetz, C. P. and Blanford, B. E. (1989) 
Analysis of interplanetary dust particles for volatiles 
and simple molecules. Lunar and Planetary Science XX, 
339-340. 

Hartmetz C. P. , Gibson E. K. Jr., and Blanford G. E. (1990) 
In situ extraction and analysis of volatiles and simple 
molecules in interplanetary dust particles, contami- 
nants, and silica aerogel, Proc. Lunar Planet, — Ssii — 
343-355. 

Hartmetz C. P. , Gibson E. K. Jr., and Blanford G. E. (1991) 
In situ extraction and Analysis of volatile elements 
and molecules from carbonaceous chondrites, Proc . Lunar 
Planet. Sci. 21. 527—539. 

Hartmetz C. P. , Gibson E. K. Jr., and Blanford G. E. (1991) 
Analysis of volatiles present in interplanetary dust 
and stratospheric particles collected on Large Area 
Collectors. Proc. Lun ar Planet. Sci. 21. 557-567. 

Kissel J. and Krueger F. R. , The organic component in dust 
from Comet Halley as measured by the PUMA mass 
spectrometer on board Vega 1, Nature. 326# 755-761, 
1987. 

MacKinnon I. D. R. and Rietmeijer F. J. M. (1987) Mineralogy 
of chondritic interplanetary dust particles, BfiiL*. 
Geophvs. . 25 . 1527-1553. 

Sandford S. A. (1986) The world's smallest acid residue: 

The source of the 6.8 micron band seen in some IDP 
spectra. Lunar Plan et. Sci. XVII. 756-757. 


4-13 


Tomeoka K. and Buseck P. R. (1986) A carbonate-rich, 
hydrated interplanetary dust particle: Possible 

residue form protostellar clouds. Science 231 . 1544- 
1546* 


Wiik H. B. (1956) The chemical composition of some stony 
meteorites. Seochim. Cosmochim. Acta. 9 . 279-289. 

Zolensky M. E. , Barrett R. A., Dodson A. L. , Thomas K. L. , 
Warren J. L. , and Watts L. A. (1990. 1991) Cosmic Dui 
Catalogs 11 and 12. NASA Johnson Space Center” 


4-14 



